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2013.04.0Abstract The main objective of the current work is to investigate the variation of the soil proper-
ties along the landforms of the arid zone around Idku Lake, northwest of the Nile Delta. Remote
sensing data and Geographical Information System (GIS) were used as the main tools in this study.
Digital Elevation Model (DEM) and Landsat ETM+ image were used for mapping the landforms
of the area. Field work has been completed to check the accuracy of the landform units, describe the
land surface features and collect soil samples. The recognized landforms comprised; river terraces,
river levees, basins, sand sheets, sand dunes, hammocks, clay ﬂats, former lake-bed, ﬁsh ponds, sab-
khas and swamps. Fifty top-soil samples (0–50 cm) representing the different landforms have been
collected and analyzed. The laboratory analyses were linked with their relevant geographical loca-
tions, and then the thematic maps of the soil properties were produced using Arc-GIS 9.2 software.
The spatial distribution of CaCO3, EC, OM, pH, N, P, K, Fe, Mn, Cu and Zn over the different
landforms was discussed in detail. The results indicate that the variation of CaCO3, EC and OM
is minimal in the landforms of sand sheets, hammocks, sabkhas, clay ﬂats and former lake-bed.
On the other hand the variations of macro and micronutrients are wide-ranging in the landforms
of basins river terraces and levees. The interpretation of the spatial distribution could serve as
the scientiﬁc basis for land use management and the application of variable rate technology in each
landform.
 2013 Production and hosting by Elsevier B.V. on behalf of National Authority for Remote Sensing and
Space Sciences.tional Authority for Remote
g by Elsevier
ng by Elsevier B.V. on behalf of N
011. Introduction
Soils are well-known as the essential portion of the landscape
and their features are largely controlled by the landforms on
which they are developed. The physiographic inﬂuence on soil
properties is recognized and ultimately leads to evolution of
the soil–landform relationship. In this context the landform
is the key-feature because it can easily be recognized, and it
is also formed by the same geomorphic processes that wereational Authority for Remote Sensing and Space Sciences.
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(Moore et al., 1991; Gessler et al., 1995; Florinsky et al.,
2002; Park and Burt, 2002; Henderson et al., 2005; Mini
et al. 2007). The use of remote sensing and spatial analyses al-
low producing multi thematic layers of soil properties, which
offer a great source of data for the land use planners. The spa-
tial distribution represents the correlation between the soil
characteristics and the landforms and could be used in extrap-
olation of soil characteristics within different landforms (Ali
et al., 2007). Information on spatial variance of topsoil prop-
erties becomes essential for estimating fertilizing needs
throughout an area of interest. A normal method for mapping
topsoil properties is to sample the investigated area by the grid
sampling system. Then, a prediction map could be created
through the interpolation of measured property values of each
sample. The interpolation techniques commonly used in agri-
culture include ‘‘inverse distance weighting’’ and ‘‘kriging’’
(Franzen and Peck, 1995; Weisz et al., 1995). Both methods
estimate values at un-sampled locations based on the measure-
ments from the surrounding locations with certain weights as-
signed to each of the measurements. The ‘‘inverse distance
weighting’’ is easier to implement, while ‘‘kriging’’ is more
time-consuming and cumbersome. However, some studies
found that ‘‘kriging’’ provides a more accurate description of
the data spatial structure, and produces valuable information
about estimation error distributions (e.g. Leenaers et al.,
1990; Deutsch and Journel, 1998; Mueller et al., 2004).
The areas around Idku Lake are considered as problematic
land, the cost of reclamation of such regions is rather high
(MALR, 1994). Therefore multi-thematic mapping of soil
properties is essential action in order to maintain the sustain-
able usage of such soils. The current study aims to (1) map
the landforms of the areas around Idku Lake, (2) produce mul-Figure 1 Location oti-thematic maps of the soil properties, and (3) investigate the
spatial distribution of the soil properties within the landforms
of the study area using an ordinary ‘‘kriging’’ model of Arc-
GIS 9.2 software.2. Materials and methods
2.1. Study area
The study area is located to the West of the Nile Delta, and
extended between 29 5103000 & 30 3100800 East, and 30
5901500 & 30 2604500 North, (Fig. 1). The area is characterized
by a climate of Mediterranean Sea with hot arid summer
and little rain winter. The mean temperatures are especially
high in the dry season when they range between 25 and
30 C with an average temperature of 21 C. The rainfall distri-
bution values occur in the cold season of November–February
interval. The total annual rainfall is 193.0 mm per year. The
maximum rainfall values are recorded in January and Decem-
ber ranging between 50.0 and 56.3 mm. The evaporation
ranges between 3.3 and 4.8 mm/day. The lowest values are ob-
served in January and December when the temperature is com-
paratively low, whereas the highest value of 4.8 mm/day is
recorded in the period between June and September. The an-
nual mean evaporation is 4.25 mm/day (Climatological Nor-
mal for Egypt, 2011). According to the US Soil Taxonomy
System (USDA, 2010), the soil temperature regime could be
deﬁned as ‘‘Thermic’’ and the soil moisture regime as ‘‘Torric’’.
The area is characterized by the Holocene deposits including
(1) Sand beach, (2) Coastal lagoon, (3) Inland lake, (4) Coastal
sand dune, (5) Alluvial deposits of desert wadies and (6) Re-
cent Deltaic deposits (Said, 1993).f the study area.
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2.2.1. The landsat ETM+ images
The Landsat ETM+ sensor records seven bands of spectral
data in the visible, infrared, and thermal portions of the elec-
tromagnetic spectrum. The spatial resolution of this sensor is
30 m (except thermal band-6 of 60 m resolution). Two Landsat
ETM+ images acquired during the year 2011, (path 177/rows
38 & 39) have been employed in this study (Fig. 2). The Land-
sat 7 Enhanced Thematic Mapper Plus (ETM+) scan line cor-
rector (SLC) failed on May 31, 2003, causing the scanning
pattern to exhibit wedge-shaped scan-to-scan gaps. The
ETM+ has continued to acquire data with the SLC powered
off, leading to images that are missing approximately 22% of
the normal scene area (Storey et al., 2005). To improve the util-
ity of the SLC-off data, the original SLC-off image has been
replaced with estimated values based on histogram-matched
scenes. The image was calibrated to radiance using the inputs
of image type, acquisition date and time, then it was stretched
using linear 2%, smoothly ﬁltered, and their histograms were
matched (Lillesand and Kiefer, 2007). Atmospheric correction
for ETM+ images was done using FLAASH module (ITT,
2009). The images were mosaicked and geometrically rectiﬁed
using ENVI4.7 software.
2.2.2. The shuttle radar topography mission (SRTM)
SRTM is one of the most signiﬁcant space surveys of earth
ever undertaken, using precisely positioned radar to map its
surface at intervals of 1-arc seconds (30 m). It can be used
with controlled imagery sources to provide better visualization
of the terrain. The Digital Elevation Model (DEM) of theFigure 2 The Landsat ETM+ (bstudy area (Fig. 3) was extracted from the SRTM image using
Arc-GIS 9.2 software. Digital Elevation Model is a 3D elec-
tronic model of the land’s surface (Brough, 1986). It provides
better functionalities than the topographic maps. A DEM can
be employed to offer varieties of data that can assist in map-
ping of landforms and soil types. Information derived from a
DEM, i.e. surface elevation, slope% and slope direction, could
be used with the satellite images to increase their capabilities
for soil mapping (Lee et al., 1988).
2.3. Landform mapping
Thedelineationof the landformunits from the satellite data needs
high spatial resolution images; so the spatial resolution of the
used Landsat ETM+was enhanced through the datamerge pro-
cess. This process is used to enhance the spatial resolution ofmul-
ti-spectral datasets using higher spatial resolution panchromatic
data (band 8). In this study merged data were performed using
multi-spectral bands (28.50 m) as a low spatial resolution with
band 8 of ETM+ satellite image as a high spatial resolution
(14.25 m) resulting inmulti-spectral data with high spatial resolu-
tion (14.25 m). The landform map has been generated from the
SRTM and the enhanced Landsat ETM+ images using the
ENVI 4.7 software (Dobos et al., 2000, 2002). The landformunits
were deﬁned and classiﬁed into groups then the map legend was
established according to Zinck and Valenzuela (1990).
2.4. Field work and laboratory analyses
The interpretation of satellite images and Digital Elevation
Model generates a preliminary landform map. Field surveyands 7, 4, 2) of the study area.
Figure 3 The Digital Elevation Model of the study area as derived from the SRTM data.
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landscape characteristics. A total of 75 observation points
were taken to check the accuracy of mapping units. The mag-
nitude of a sample, as well as the procedure of obtaining it,
depends on the objectives of the sampling process, and con-
sequently varies with these objectives (Mandel, 1984). The
main objective of this study is to investigate the spatial distri-
bution of the soil properties within the landforms. So ﬁfty
disturbed top soil samples (0–50 cm) have been collected from
the different landforms to ensure the representation of small
units and avoid residential areas and water bodies. Land-
forms were represented by a suitable number of samples
according to their areas. Samples were analyzed using the soil
survey laboratory methods manual (USDA, 2004). Fig. 4
shows the preliminary landform units, locations of observa-
tion points and top-soil samples.
2.5. Spatial distribution of soil properties
Spatial interpolation is commonly used for producing contin-
uous information when data are collected at distinct locations
(e.g. soil proﬁles). Ordinary ‘‘kriging’’ model is an interpola-
tion method, which weighs the surrounding known values to
derive estimations for an unmeasured location. However, the
weights are based not only on the distance between the known
points and the unmeasured point but also on the overall geo-
statistical relationships among the known points. Ordinary
‘‘kriging’’ of Arc-GIS 9.2 software has been used to interpolate
the soil properties (CaCO3, EC, OM, pH, N, P, K, Fe, Mn, Cu
and Zn) over the landforms. Firstly the model has been used to
develop the semivariance diagram separately for each soil
properties. Consequently, values of the soil properties were ac-
quired at unknown points on bases of the structural compo-
nent of the diagrams.3. Results and discussion
3.1. Landforms
Based on the Landsat ETM+ images, the Digital Elevation
Model (DEM) and the ﬁeld check, the landforms of the stud-
ied area were identiﬁed and delineated. The results reveal that,
the main physiographic units in the studied area are; the ﬂood
plain, the lacustrine plain and the marine plain (Fig. 5). The
ﬂood plain is the main landform in this area, covering an area
of 732.67 km2 (i.e. 72.04% of the total area). This landscape
was resulted from the Nile deposits, during the ﬂood periods.
It is characterized by alluvial sediments, which belong to Holo-
cene Era. Relief types in the ﬂood plain are ﬂat, almost ﬂat and
gently undulating. The different landforms of this landscape
are sedimentary basin (266.61 km2), low terraces
(155.18 km2), high terraces (136.62 km2), overﬂow basin
(154.51 km2) and river levees (19.75 km2). The lacustrine plain
covers an area of 176.05 km2 (i.e. 17.31% of the total area). It
was formed within the ﬂood plain deposits and characterized
by lacustrine sediments of the Holocene Era. The dominant re-
lief type in this plain is ﬂat or almost ﬂat to gently undulating
except small areas of convex slope that characterizes the old
deltaic deposits. The main landforms of this landscape are
dry and wet sabkhas (6.48 km2), ﬁsh ponds (45.88 km2),
swamps (46.68 km2), Clay ﬂats (14.22 km2), former lake-bed
(36.98 km2) and water bodies (25.81 km2). The marine plain
dominates the northern part of the area and covered an area
of 105.37 km2 (i.e. 10.36% of the total area). It is characterized
by ﬂat to almost ﬂat and gently undulating topography as rep-
resented by the landforms of hummocks (17.54 km2), coastal
sand sheets (72.24 km2) and sand dunes (15.59 km2). Averages
and standard deviations (SD) of soil properties in the investi-
gated landforms are illustrated in Tables 1 and 2.
Figure 4 Locations of soil samples and observation points over the preliminary delineated landforms of the investigated area.
Figure 5 Landforms of the study area.
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Table 1 Averages of soil properties in the investigated landforms.
Landform Proﬁles pH EC (dS/m) CaCO3 (%) OM (%) N (ppm) P (ppm) K (ppm) Fe (ppm) Mn (ppm) Zn (ppm) Cu (ppm)
Sedimentary basin 8, 10, 12, 14, 15, 19, 21, 24; 27, 29, 36 & 38 8.02 0.56 3.83 1.04 24.34 16.49 437.08 29.00 21.75 0.89 3.85
Overﬂow basin 2, 4, 5, 6, 7 & 11 8.32 0.70 3.20 1.30 23.20 23.06 443.00 27.22 21.46 0.70 3.43
River levee 46 & 49 7.90 0.53 3.70 0.64 24.30 23.19 570.00 28.10 36.18 0.97 2.53
Low terraces 1,3, 32, 34, 42, 43 & 45 8.09 0.72 2.96 1.33 22.33 25.97 448.02 24.86 23.74 1.06 3.41
High terraces 16, 17, 18, 20, 35 & 40 7.97 0.70 3.88 1.19 29.52 20.82 424.17 22.27 20.07 1.90 3.98
Hammocks sand sheet/dunes 37, 39, 41, 44, 47, 48 & 50 7.93 1.82 3.14 1.01 4.24 1.94 18.37 21.67 22.71 0.96 3.43
Clay ﬂats 31 7.90 0.19 3.00 1.50 21.15 13.70 410.00 18.10 21.25 0.70 3.80
Former lake-bed 9, 22 & 23 8.17 0.66 3.17 0.87 22.00 28.00 540.00 33.10 22.73 0.98 5.13
Fish ponds/sabkhas 13, 25, 26, 28, 30 & 33 8.05 14.37 2.66 1.21 21.48 19.36 441.67 22.24 17.12 0.77 4.43
Table 2 Standard deviation (STD) of soil properties within the investigated landforms.
Landform Proﬁles pH EC (dS/m) CaCO3 (%) OM (%) N (ppm) P (ppm) K (ppm) Fe (ppm) Mn (ppm) Zn (ppm) Cu (ppm)
Sedimentary basin 8, 10, 12, 14, 15, 19, 21, 24; 27, 29, 36 & 38 0.19 0.25 2.10 0.48 2.60 6.71 48.69 10.47 5.64 0.25 1.30
Overﬂow basin 2, 4, 5, 6, 7 & 11 0.22 0.44 1.04 0.51 3.97 9.89 39.84 11.44 6.08 0.09 1.94
River levee 46 & 49 0.14 0.14 0.57 0.34 8.06 9.56 43.64 13.29 17.78 0.05 1.51
Low terraces 1,3, 32, 34, 42, 43 & 45 0.16 0.48 0.93 0.62 6.69 6.85 35.40 10.22 7.08 0.43 1.21
High terraces 16, 17, 18, 20, 35 & 40 0.29 0.56 2.00 0.38 7.42 5.78 27.96 15.32 11.54 1.52 0.99
Hammocks sand sheet/dunes 37, 39, 41, 44, 47, 48 & 50 0.20 3.31 0.93 0.71 1.00 0.26 1.54 7.33 7.98 0.22 1.57
Clay ﬂats 31 0.01 0.26 0.28 0.49 1.31 12.94 38.49 7.00 1.59 0.21 1.56
Former lake-bed 9, 22 & 23 0.25 0.36 1.17 0.50 3.60 8.72 32.87 4.91 4.15 0.08 1.68
Fish ponds/sabkhas 13, 25, 26, 28, 30 & 33 0.32 18.36 0.52 0.35 6.49 4.10 53.07 8.35 4.92 0.25 0.36
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3.2.1. Variation of CaCO3, EC, OM and pH
Figs. 6 and 7 represents the spatial distribution of CaCO3, EC,
OM, and pH, over the study area. The results indicate that the
values of CaCO3 content in the topsoils (0–50 cm) range from
1.3% to 21.0%. Very few CaCO3 is partly found in the topsoils
of river terraces in the alluvial plain. High content of CaCO3
was observed south of Idku Lake dominating the landforms
of clay ﬂats, ﬁsh ponds and former lake-bed. The spatial distri-
bution of EC in the study area indicates that the EC mean val-
ues ranged from 0.10 to 51.00 (dS/m) in the surface layer. The
most of the area is characterized by EC ranging from 0.10–4
(dS/m) attributed the landforms of alluvial Plain. The high val-
ues dominate the topsoils of lacustrine and marine deposits.
The spatial distribution of organic matter (OM) shows that
the area is attributed by low organic matter content, as it varies
between 0.4% and 2.4% in the surface layers. The results areFigure 6 Spatial distribution oexpected under the arid climatic condition, which encourages
organic matter decomposition. However, it can be stated that,
the organic matter content was relatively high in lacustrine
deposits as ranged from 1.59% to 2.4%, compared with the
alluvial and marine deposits (0.59–1.59%). This could be ex-
plained on bases of the high salinity of the lacustrine deposits.
The results indicated that the lowest mean value of soil pH
(7.2–7.9) in marine and lacustrine deposits, while the highest
one (8.7) was observed in the alluvial basins, and river terraces.
This is coinciding with the distribution of organic matter and
CaCO3 over the study area. The data indicate that the CaCo3
content varies widely within the alluvial basins (STD= 2.10),
while represents a high similarity in the lacustrine and marine
deposits (STD< 1.00). The distributions of EC values within
the landforms of alluvial plain represent a high similarity
(STD< 0.6), while high variation of EC was observed in the
lacustrine landforms (STD> 18.00). Regarding the spatial
distribution of organic matter (OM), it is found that the highf CaCO3, EC, OM and pH.
Figure 8 Spatial distribution of macronutrients (N, P and K).
Figure 7 Variation of CaCO3, EC, OM and pH over the landforms.
Figure 9 Variation of macronutrients (N, P and K) over the landforms.
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Figure 11 Variation of micronutrients (Fe, Mn, Zn and K) over the landforms.
Figure 10 Spatial distribution of micronutrients (Fe, Mn, Zn and K).
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100 R.R. Ali, F.S. Moghanmvariation occurred in the sand sheet landform (STD> 0.80),
while the lowest one exhibits the sabkhas landform
(STD< 0.4). The pH values represent a high similarity in
the different landforms where the STD< 0.30.3.2.2. Variation of available macronutrients (N, P, K)
Generally, the Egyptian soils are considered to be deﬁcient in
macronutrients (N, P and K). In the study area the spatial
distribution of N, P and K represent wide variations in the
surface layer (Figs. 8 and 9). The nitrogen concentrations ran-
ged from 11.2 ppm to 27.1 ppm for all landforms except en-
closed parts of the sedimentary and overﬂow basins which
have 27.10–50.00 ppm. The lowest value of N concentration
characterizes the soils of lacustrine and marine plain (11.20
to 24.00 ppm). The concentration of phosphorus differs from
3.0 to 43.29 ppm in the topsoils of the study area. The highest
values are located in landforms of alluvial deposits especially
in the low terraces and the overﬂow basins. On the other
hand the soils of marine plain have the lowest values of phos-
phorus. Regarding the concentration of potassium it is no-
ticed that it differs from 205.00 to 980.00 ppm in the
topsoils of all landforms. The high values attribute the soils
of basins and low terraces (540.00–980.00 ppm). In view of
the standard deviation of the macronutrients, it is found that
the variation of K, is very wide (STD> 8.00) followed by P
(STD> 4.00), and N (STD> 1.00). The available nitrogen
varied widely within the landforms of river levees and river
terraces while tends to be similar in the landforms of marine
plain. High variations of phosphorus concentration were ob-
served in the landform of clay ﬂats (STD = 12.94), while the
minimum variations were found in the sand sheets. The con-
centration of K in the soils differs widely in the landforms of
alluvial basins and river levees (STD> 40.00); on the other
hand the minimum variation characterizes hammocks and
sand sheet landforms.3.2.3. Variation of micronutrients (Fe, Mn, Zn and Cu)
The levels of rapidly available micronutrients (Fe, Mn, Zn
and Cu) in the topsoils of the investigated area are
moderate (Figs. 10 and 11). Concentrations of Fe, Mn, Zn
and Cu ranged from 0.21 to 53.60 ppm, 9.50–48.75 ppm,
0.10–12.20 ppm, and from 0.15 to 7.50 ppm, respectively.
High soil pH usually results in low bioavailable Zn and
Mn. The bioavailable micronutrients decrease with increas-
ing soil pH. The organic matter contents were signiﬁcantly
correlated with the available Fe, Mn, Cu and Zn contents
in all landforms. The high levels of the micronutrients are
associated with the landforms of low terraces and overﬂow
basins. The areas adjacent to the Idku Lake (lacustrine
and marine deposits) are attributed by low levels of micro-
nutrients; this could be explained by the coarse texture of
these soils. The STD of Fe and Mn indicates that concentra-
tions of these micronutrients are clearly changed within the
alluvial plain landforms. The changes of Fe and Mn in the
sand sheets and hammock landforms are minimal. For the
Zn and Cu micronutrients slight variations were observed
in the studied landforms where the STD ranges between
0.05 and 1.94.4. Conclusion
Understanding the spatial variations of soil properties and
their relation with the landforms is the key to setting the
appropriate land management. Variations of the soil proper-
ties over the landforms of the arid environment around Idku
Lake have been investigated by using spatial analyses tech-
niques. The area includes various landforms i.e. alluvial, lacus-
trine and marine plains. The distribution of the soil properties
i.e. CaCO3, EC, OM, pH, N, P, K, Fe, Mn, Cu and Zn repre-
sents a wide variation over these landforms. Within the land-
forms of marine plain the variation of the soil properties is
in general low where the management of land could be similar.
The changes of soil properties in the landforms of lacustrine
and alluvial plain are signiﬁcant; hence the application of var-
iable rate of technology is a must.
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